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Abstract. Visual interpretation of remote sensing data is very popular and widely used to 
detect, extract and monitor changes in shoreline. Commonly used satellite images 
include: IRS, Landsat TM and ETM +, IKONOS, Quickbird, Worldview2 and Geoeye-1. 
To find out the changes in coastline and coastal erosion rates in Klungkung regency was 
carried out by comparing two satellite images, namely SPOT 5 satellite image data in 
2009 having a spatial resolution of 10 m and SPOT 6/7 in 2015 which resolution up to 
1.5 m with digital on screen extraction method. This research contributes to local 
government and central government as basic data in making decisions for handling 
coastal areas. The average shoreline change that occurs in Klungkung regency is 22.15 
m, while the average coastal erosion rate in Klungkung regency is 3.16 m/year. 
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1 Introduction 
The coastline is a line of contact between soil and water bodies that always changes 
rapidly at the coastal area and is difficult to capture, so accurate detection and periodic 
monitoring are very important to do to determine the dynamics and processes of the coastal 
area [1]. Visual interpretation of remote sensing data is very popular and widely used in the 
depiction of shoreline changes. Remote sensing techniques are now available to detect, 
extract, and monitor coastlines [2].  
Several studies in coastline detection, extraction and monitoring using satellite imagery 
have been carried out to find out that this technique is an efficient technique. Indian Remote 
Sensing (IRS) satellite data in 1999, 2000, 2003, 2005 and 2006 was used to analyze shoreline 
changes in the coastal area between Kanyakumari and Tutikorin, India [1]. IKONOS satellite 
imagery with a resolution of 1 m is used to extract the coastline in the Lake Erie coastal area 
[3]. Landsat TM images in 1987, 1990, 1992 and Landsat ETM + images in 1999, 2002, 2004, 
2006 was used to analyze and model the coastline and reverse coastline by using Digital 
Shoreline Analysis System (DSAS) method [4].  
The WordView-2 image is also used to extract water levels in the Antarctic coastal area 
using the Normalized Difference Water Index (NDWI) approach [5]. The use of Landsat 5 TM 
images with the Automated Water Extraction Index (AWEI) method to extract water levels 
automatically [6]. The combination of aerial photography and satellite imagery (IKONOS, 
Quick bird, Worldview2 and Geoeye-1) was used to interpret shoreline changes in Wotje 
Atoll, Marshall Islands [7]. Water level extraction techniques using the Iterative Self-
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Organizing Data Analysis Technique (ISODATA) approach in Wordview-2 satellite images in 
the North Adriatic Sea, City of Revenna, Italy [8]. Landsat imagery is very often used to 
monitoring shoreline changes in Indonesia, such as: detects changes in coastline in Jembrana 
regency, Bali [9], analyzing shoreline changes in Bengkulu city  [10], analyzed changes in the 
coastline in the Banyuasin River Estuary in southern Sumatra [11], study of coastline changes 
in Mawasangka district, Central Buton regency [12], monitoring shoreline changes on the 
coast of Pasuruan regency, Sidoarjo regency and Surabaya city by overlay method [13]. 
In this study an analysis of the average coastline changes and the average coastal erosion 
that occurred in Klungkung regency using SPOT 5 satellite imagery in 2009 and SPOT 6/7 in 
2015 by using the on screen digital extraction method. 
2 Methods 
2.1 Study area 
The study area is located along the coastal area of Klungkung regency, Bali province. 
The UTM boundary area of the study area is 320720.96 m E, 9051762.47 m S up to 332624 m 
E, 9054467.60 m S. The map of the study area is presented in Figure 1. 
 
Fig. 1. Study area 
2.2 Satellite image 
This study used SPOT 5 satellite imagery in 2009 with a resolution of 10 m at the date of 
acquisition 15 June 2018 at 2:20 am, and SPOT 6 in 2015 with a resolution of 1.5 meters at 
the acquisition date of 19 March 2015 at 9:18 am, also SPOT 7 in 2015 with a resolution of 
1.5 meters at the acquisition date of February 8, 2015 at 9:20 am. 
2.3 Image processing 
The step of image processing to produce information about coastline changes in 
Klungkung regency can be seen in Figure 2. Coastline extraction uses the on-screen digital 
method. Analysis of shoreline changes using overlaying images of SPOT 2009 and 2015. 
 
Fig. 2. Flowchart to obtain shoreline changes and coastal erosion rates 
3 Result and Discussion 
3.1 Coastline correction 
Coastline correction is due to the tidal process. The shift distance of the water line 
correction (Y) is calculated using the equation [14]: 
 =  − 	 − 
 × ∅  (1) 
Where: 
 Y : shift distance (m) 
 Tk : high water level in sectional coastal area (m) 
 Tb : high water level in Benoa Harbor (m) 
 Tx : tidal datum when the image was acquired (m) 
 TanØ : coastal slope value in Klungkung regency is divided into several coastal 
segments as shown in Figure 3. 
The results of the calculation of coastline correction can be seen in Table 1. 
SPOT image 
Image cropping 
Geometric and radiometric 
correction 
Digitizing the coastline 
Coastline correction 
Information on coastline changes 
and beach erosion rates 




Fig. 3. Section division for coastal slope values in Klungkung regency 
Table 1. Coastline correction results 
Section Slope Tk (m) Tb (m) 
Tx (m) Y (m) 
2009 2015 2009 2015 
20 10 2.6 2.6 1.9 2.1 10.50 7.50 
21 15 2.6 2.6 1.9 1.0 11.20 25.60 
22 18 2.6 2.6 1.9 1.0 4.90 11.20 
23 18 2.6 2.6 1.9 1.0 4.90 11.20 
3.2 Coastline changes and erosion rate analysis 
Overlaying coastline maps for SPOT imagery in 2009 and 2015 was obtained after 
making coastline corrections, as shown in the picture below: 
 
Fig. 4. Coastline changes map in Negari, Takmung, Satra and Tojan villages 
 
Fig. 5. Coastline changes map in Gelgel, Jumpai and Tangkas villages 
 
Fig. 6. Coastline changes map in Desa Gunaksa and Kusamba villages 
 
Fig. 7. Coastline changes map in Pesinggahan villages 
Figure 4 shows that there was a coastline decline from 2009 to 2015 that occurred in 
Negari, Takmung, Satra and Tojan villages. Coastal erosion also occurred in Gelgel, Jumpai 
and Tangkas villages, but some parts of Tangkas village coastal area that has accretion (Figure 
5). Figure 6 shows the occurrence of a coastline retreat that occurred in Gunaksa and Kusamba 
villages. The coastal areas of Pesinggahan village mostly run into erosion, but there is a small 
part of the coastal area that has accretion (Figure 7). The average shoreline changes and the 
average erosion rate in each coastal area can be seen in the following Table 2. 
Table 2. Coastline changes and coastal erosion rates in Klungkung regency 
No Village Coastal area The rate of coastline changes (m) 
The rate of erosion 
(m/year) 
1 Pesinggahan Pesinggahan 7.12 1.02 
2 Kusamba Kusamba 32.74 4.68 
3 Gunaksa Gunaksa 35.05 5.01 
4 Tangkas Gunaksa-Jumpai 7.51 1.07 
5 Jumpai Jumpai 24.11 3.44 
6 Gelgel Watu Klotok 16.06 2.29 
7 Tojan Watu Klotok 27.56 3.94 
8 Satra Sidayu 32.39 4.63 
9 Takmung Lepang 27.17 3.88 
10 Negari Tegal Besar 11.84 1.69 
Average 22.15 3.16 
 
The average coastline change based on the results of 2009 and 2015 SPOT image 
analysis in Klungkung regency is 22.15 m, while the average coastal erosion rate in 
Klungkung regency is 3.16 m/year. The largest coastline changes and erosion rate occurred in 
Gunaksa village, which amounted to 35.05 m and 5.01 m/year, while the smallest coastline 
change and erosion rate occurred in the Pesinggahan village which amounted 7.12 m and 1.02 
m/year. Field verification shows that there is a match between the analysis and ground survey 
of erosion event occurred in Klungkung regency. Figure 8 shows the occurrence of coastal 
erosion on the coast of Gunaksa, Gelgel and Tangkas. 
    
 (a) (b) (c) 
Fig. 8. Field verification, (a) Gunaksa beach, (b) Gelgel beach, (c) Tangkas beach 
The coastal erosion that occurred in Klungkung regency was a result of the movement of 
currents and waves that hit the coastal area. This is be in accordance with the research of 
Nugraha which uses Landsat satellite imagery in 1995, 2005, 2015 using the Extention 
Shoreline Analysis System (DSAS) method to obtain a coastline change rate due to coastal 
erosion of -0.8833 m/year until -8.8795 m/year [15]. Utilization of SPOT satellite imagery has 
provided information about coastline changes from 2009 and 2015 in the regencies of 
Buleleng, Gianyar, Tabanan, Jembrana, Karangasem, Badung and Denpasar City, so that it 
can be used as basic data in management of coastal protection [14] [16] [17] [18] [19] [20]. 
4 Conclusion 
Based on the analysis results by using SPOT 2009 and SPOT 2015 images, the average 
coastline changes that occurred in Klungkung regency was 22.15 m, while the average coastal 
erosion rate in Klungkung regency was 3.16 m/year. 
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